In today's world, online social media has established itself as one of the most important information carriers, and that applies in the field of disaster management as well. However, posts in online social media like Twitter and Facebook are mostly unstructured, and it is extremely difficult to extract meaningful information from such unstructured posts. Therefore, disaster management authorities face problems in using these posts for proper situation analysis and decision-making. To alleviate this problem, we propose a decision support framework that collects situational information through interactive crowd-sourcing using SMS from the "crowd" present at the disaster site, and summarizes such responses to have situational awareness and appropriate decision-making regarding damage or need assessment. We evaluated our proposed system using 3000 real-time interactive responses from a disaster-prone coastal area of India (named, the Sunderbans). Since the use of smartphone in rural India is significantly low, SMS from the "crowd" were used to form the core information repository for post-disaster situation analysis.
Introduction
According to the World Disasters Report 2013 [1] , when disaster strikes, access to situational information is as important as access to food and water. During and post disaster, responding organizations deal with severe uncertainties in making vital decisions. They need situational information (e.g., status of the civil, transportation and information infrastructures), together with information about available resources (e.g., medical facilities, rescue and law enforcement units) [2] . Accuracy, timeliness, and reliability of situational information help decision-makers make appropriate decisions as well as reduce deaths and injuries, prevent secondary disasters, economic losses, and social disruption.
Lots of work has been done on extracting situational information through crowdsourcing, e.g., through analysis of content posted on online social media like Facebook and Twitter using data mining and natural language processing techniques. All these prior works rely on data gathered passively; hence what information can be extracted is limited by what is posted generally by the crowd. Along with extraction of general situational information, what is also required is answering of specific questions. For instance, NGOs like SPADE (a voluntary organization working for community empowerment and disaster resilience in West Bengal, India) [3] has a set of around 20 rapid need assessment questions arranged in nine different categories (viz., Affected Area Profile, Health and Medical Infrastructure, Food Aid and Nutrition, Water and Sanitation, Education, and others), aimed to understand the post-disaster situation, some of which are shown in Table 1 . It is very difficult to extract the answers to such specific questions from the passive crowd-sourced data gathered from online social media. The best practices in social media for disaster management are ensured only when people are taking part in answering questions and when ICT takes advantage of volunteerism [4] . In this context, interactive crowdsourcing has the potential to provide a solution for efficient and fast supply of relevant situational information. Interactive crowdsourcing is an automated process that involves interactive dialogue between an online system and each member of the crowd (disaster victims/ volunteers/ first responders in our case) willing to contribute consistent information that helps the system to build a structured repository of situational information. In this paper, we employ interactive information crowdsourcing to extract the answers to such specific questions. We conducted a field trial (details in Section 3), where we actually sent a set of post disaster situational awareness questions to people in a disaster-affected region and collected their answers. Once the answers were collected, we used state-of-the-art text summarization algorithms to summarize the answers and acquire situational awareness (Section 4). Such summarized information will potentially assist the disaster management authorities in taking decisions regarding time critical assessment of damages and needs. Motivated by the utility of interactive crowdsourcing, we also propose the architecture of a novel disaster management system which collects information via passive as well as interactive crowdsourcing, and analyses the collected information to generate various reports useful for disaster management services (Section 5).
Related work
In this section, we review existing works on information crowdsourcing. A lot of work has been done in the field of crowdsourcing particularly in the perspective of decision support. For instance, Chen et al [5] used an automated questionanswering system for spontaneous reporting of adverse drug reactions (ADR) in a crowdsourced manner. They showed that information crowdsourcing is a proficient way to track and ascertain cases of ADR. Laskey et al [6] showed that crowdsourcing is a very powerful tool as a decision support system to solve complex business problems. Basu Roy et al [7] in their visionary paper introduced an interactive crowdsourcing system that includes the human factor in interactive crowdsourcing. The system is adaptive in nature and optimizes the process in a dynamic situation. It improves by learning the users' skill sets and uses the users' capabilities to the best.
In the context of disaster management using crowd-sourced data, most of the prior work is on extracting situational information from Twitter during disasters and on summarization of tweets [8] . Whereas almost all of the prior works consider passively collected data, the present work focuses on interactive information crowdsourcing to support decision making in the context of disaster management that has not been considered in any of the prior works to the best of our knowledge.
Field trial and results
To test our Interactive Information Crowdsourcing System a field trial was organized with 20 volunteers from SPADE in three remote villages in the Namkhana region of West Bengal, India, namely, North Chandanpiri, South Chandanpiri, and Haripur. The field trial took place six months after the said region was affected by a flood in mid-2015, and was aimed to assess the post disaster "Social Continuity". Social continuity can be defined as the process of returning back to the originally prevailing socio-economic conditions of the local inhabitants after being perturbed by a disaster.
The volunteers interacted with more than 150 inhabitants/ responders of the villages and mobilized each of them to respond to around 20 interactive questions framed in the context of social continuity. The questions were forwarded by our system via SMS and around 3,000 responses were collected (around 150 responses per question). Table 2 shows some sample responses to four questions, two from the Health & Medical Infrastructure category and two from the Water & Sanitation category, taken from the questionnaire that was shown in Table 1 . Note that even the responses to the same question have a lot of diverse information within them, as is reflected in the last column of Table 2 . For instance, different responders to Question 6 have mentioned names of different diseases, while responders to Question 5 (current status of nearby hospitals) have a lot of diversity in their opinion -while 30% of the responders feel that the nearest hospital is well equipped, another 40% feel that the hospital is poorly equipped. The necessity to deal with such diverse information is a known challenge in case of crowdsourcing-based systems. 
Summarization of crowdsourced responses
Since summarization of crowd-sourced data is a common requirement for situation awareness and decision making when time is critical, we now check to what extent summarizing the responses to a question can identify the various information / opinions reported. We obtain the summaries in two ways -(i) manually, by a volunteer who went through all the responses, and (ii) by automated summarization algorithms.
We used two different algorithms for automated summarization of our SMS responses. First, we use COWTS (COntent Word-based Tweet Summarization) [8] which is a novel summarization approach proposed to summarize situational tweet streams during disasters. COWTS operates by optimizing the coverage of important content words (e.g., nouns, verbs) in the summary, using an Integer Linear Programming (ILP) framework [8] . We have slightly modified the methodology for our responses, so that higher weight is given to those content words that are included in a large majority of the responses. Second, we customize and use another summarization algorithm, called FrequencySummarizer [9] that computes the term frequency map of the words, which is then filtered to ignore very low frequency and highly frequent words. Finally, the sentences are ranked according to the frequency of the words they contain and the top sentences are selected for the final summary. Both the summarization algorithms need as input the desired number of sentences in the summary, which has been set to 3.
We provide results of summarizations (both manual and algorithmic) of selected set of questions in Table 3 . It is evident from the table that responses gathered through interactive crowdsourcing by query-response based conversation can extract microlevel situational information with high precision. For instance, the availability of doctors and medicines at different hospitals/ health centers in the vicinity of the disaster-struck area could be retrieved from the responses to Question 5. It would be very difficult to extract such precise situational information from passively gathered social media posts.
We also observe that the match between manually generated summary and algorithmic summary (using both the algorithms) is quite good for all the questions. Especially, the match is better for more specific questions like Question 6 (names of generally dominant diseases) and Question 10 (source of drinking water), than for less specific questions like Question 5 (current status of hospitals nearby). Thus, if the questions are made more specific, summarization using existing techniques would be more accurate, which in turn will help in complex decision making regarding damage and need assessment. For instance, if there are multiple hospitals/ health care centers in the vicinity of a disaster-struck region, it might be better to ask Question 5 with respect to each individual hospital / healthcare center. Common diseases like stomach problem and fever prevailed after disaster. There is no dominant disease as such though people tend to have breathing problem and occurrence of stroke is common.
The generally dominant diseases prevailing in area is fever and stomach bugs. None reported except normal fever. Diarrhea is generally dominant disease prevailing in the area.
10
Source of drinking water is Tube Well or Hand Pump Now we only have the deep tube well for the drinking water supply. Deep tube well is here from government and it is only one source for clean drinking water. Now we only have the deep tube well for the drinking water supply.
Hand pump is the main source of water. Main source of drinking water is deep tube well, and water is clean. Hand pump is the source of clean drinking water.
11
All major water sources affected after disaster like Tube Well or Hand Pump, Streams or Rivers etc.
No source of water was barred. Drinking water was the biggest scarcity then. Major water source is river which affected after disaster. Stream and river is major affected water source after disaster.
All sources of drinking water were affected. Stream and rivers are affected after disaster. Hand pumps affected black water comes out of the hand pump.
System description

System overview
The outcome of the field trial has been quite satisfactory in extracting micro-level situational information via interactive crowdsourcing. Accordingly, we are encouraged to propose a simple and secure multiplatform (web and app-based) Disaster Management System that provides decision support to disaster management authorities through active involvement of the "crowd" at the site of a disaster situation. Our system is an open community disaster management system which will eventually ensure social continuity. Other existing Emergency and Crisis Management Systems are mostly closed organization systems focused in Business Continuity Management and do not use interactive information crowdsourcing for dynamic resource allocation and need assessment.
Our system framework is a combined process of (i) Data Collection in structured, semi-structured and unstructured format from different sources like WhatsApp, Twitter, SMS based interactive crowdsourcing, web forms etc. from the crowd who are present at the site of the disaster (ii) Aggregation, Filtering and Analysis of Collected Data (iii) Search/Query-Response and Customized Report Generation (iv) Social Continuity Management.
The system collects interactive SMS responses from the target crowd, and stores them in a central repository. A user is asked a series of pre-defined questions sequentially, until the user stops replying or questions are exhausted. Note that, as of now, the system has been developed considering usage in disaster-prone rural parts of India. Since the most prevalent communication devices in rural India are feature phones and Internet connectivity is very sparse, we chose to rely on SMS-communication. However, in case the system is to be used in more developed regions where smart phones connected to the Internet are common, the system can be used to collect responses via online social media like Twitter and Facebook and web based forms.
Responses to these questions are then auto-summarized to extract relevant micro-level information. Decision makers can interact with the system through a web-based platform for customized dynamic need and damage assessment reports. To the best of our knowledge, other competing emergency management systems do not provide such dynamic customized need or damage assessment reports.
The system serves two primary objectives:
The primary short-term objective of the proposed system is to provide decision support to responders and stakeholders based on common operating picture for protecting people and property during a disaster situation. The long-term objective of the proposed system is to form a disaster resilient community by providing disaster preparedness training to a selective population and generating and sharing localized resource inventory and skill sets in a community. Our proposed Interactive Information Crowdsourcing based Disaster Management System consists of three interconnected modules, as described below. The system architecture is illustrated in Fig. 1 .
System modules Data Collection Module
In this module, post disaster data is collected from different sources mainly through interactive crowdsourcing using SMS. Other than that, passive crowdsourcing based data collection through mobile app based damage and need assessment forms, web portal based damage and need assessment forms, social media posts from Twitter, Facebook, WhatsApp is also used.
Analysis Module
It is used for identifying a reliable crowd by analysing roles and authenticity of information during interactive information crowdsourcing. Aggregation and filtering of data collected through interactive crowdsourcing, passive crowdsourcing and other sources. Summarization of aggregated and filtered data is used to extract (near) accurate situational condition. Different natural language processing techniques are used to achieve different functionalities of this module.
Report Generation Module
This module is used by the information consumers to interact with the system. Generation of query-driven customized reports in both textual and graphical format on situational information for both mobile app and web portal based viewing, mapbased navigation and on click location-based report viewing for available resources, resource needs, affected population and others are the different functionalities of this module. Fig. 1 . System architecture of the proposed interactive information crowdsourcing based disaster management system.
Conclusion
In this work, we propose to use interactive crowdsourcing, as an improvement over traditional passive crowdsourcing, to collect information relevant to specific post-disaster questions. We demonstrate the benefits of our system in extracting answers to specific questions, via collecting responses from people at the site of the disaster and then applying automatic summarization techniques.
In the future, we aim to propose techniques for pre-processing the responses for abstract/descriptive questions so that automated summarization results are even closer to what a human being would understand from the responses. We also intend to 
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